In addition to collecting information from other institutions, we retrospectively reviewed the neuropathological records for all stereotactically obtained brain biopsies at the University of Pittsburgh Medical Center. The 19-year study period extended from May 1979 through May 1998. In some cases, especially during the earlier years, records did not mention an intraoperative neuropathological consultation. We excluded these cases from analysis. In other cases, mention was made of an intraoperative consultation, but the intraoperative diagnosis was not included in the report. In these select cases, instead of excluding the record, we retrieved the original cytological slides and examined them in a blinded fashion. Although a brief clinical history was available, we were blinded to the final diagnosis.
For all cases in which we were able to document both an intraoperative cytological diagnosis and a final diagnosis, we graded the degree of diagnosis correlation. For nondiagnostic cases (those in which either normal tissue was found or only a descriptive diagnosis was given), the degree of correlation was still judged. Our three-part scale consisted of the following categories (see Table 1 for examples of each category).
Complete Correlation. The intraoperative diagnosis was exactly the same as the final diagnosis. Both the cell line and the designation of benign as opposed to malignant were accurately assessed intraoperatively.
Partial Correlation. The intraoperative diagnosis was correct, but too broad to qualify as a complete correlation. Either the cell line or degree of malignancy, but not both, were diagnosed on the basis of the cytological findings. If the intraoperative diagnosis included two separate possibilities as a differential diagnosis, only partial credit was given.
No Correlation. The intraoperative diagnosis was not confirmed by the final histological analysis.
The final diagnoses were classified into 16 separate categories for further analysis of data. See Table 2 for the listing of these categories.
Studies involving touch preparations are performed by lightly touching the specimen to a dry glass slide. The slide is then quickly fixed in alcohol (to avoid air drying) and stained with hematoxylin and eosin, dehydrated in alcohol, cleared in xylol, and cover mounted with Permount. Studies involving smear preparations are performed by taking a small piece of the specimen and smearing it onto a glass slide by using the edge of a second glass slide. The specimen is then processed and stained in the same manner.
Results

Survey of Neuropathologists
Ninety-two of the 148 neuropathologists responded to the survey (62% response rate). The respondents were located in 14 different countries. As shown in Table 3 , 86% of neuropathologists chose the frozen-section technique as their preferred method or among their preferred methods, 49% chose the smear preparation, and 34% chose the touch-preparation technique. An additional 14% chose the crush-preparation method, which is a variant of the touch and smear techniques, although the terminology is not always distinct among the three techniques. Overall, 23% of respondents selected the frozen-section method alone, whereas only 13% chose a cytological method (or combination of cytological methods) alone. The remainder (64%) selected a combination of frozen-section and cytological technique.
J. Neurosurg. / Volume 91 / September, 1999
Cytological preparations * Medulloblastoma-primitive neuroectodermal tumors (two cases), unclassified (four cases), mixed germ cell tumor (one case), gliosarcoma (one case), chondrosarcoma (one case), and pineoblastoma (one case).
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† Meningioma (six cases), pineocytoma (four cases), epidermoid (one case), neurocytoma (one case), and ganglioglioma (two cases).
‡ Demyelination (three cases), pineal cyst (one case), and histiocytosis X (one case).
The most commonly used stains were hematoxylin and eosin (93%), toluidine blue (22%), and Papanicolaou (4%) ( Table 3) .
University of Pittsburgh Experience
At our institution, a total of 946 stereotactically guided biopsies were performed between 1979 and 1998. Of these, an intraoperative consultation was recorded for 630 cases. Frozen sections were documented for 35 cases, which were excluded. Therefore, a total of 595 cases were available for comparison of intraoperative and final diagnoses. This includes 63 cases for which the original cytological preparations were examined at the time of the study.
Overall, 308 (52%) of 595 cases demonstrated complete correlation between intraoperative cytological and final diagnoses. A partial correlation was found for 224 (38%) of the 595 cases. For 63 (11%) biopsy samples, there was no correlation between the intraoperative and final diagnoses.
Diagnostic specimens were obtained in 543 (91%) of 595 biopsy procedures. Of the 543 diagnostic specimens, the results of the cytological preparation were correctly interpreted as abnormal in 523 cases (sensitivity of 96% with a positive predictive value of 98%). There were 20 false-negative findings in which the intraoperative slides consisted of normal cells or were otherwise nondiagnostic, whereas the permanent sections revealed a pathological diagnosis (Table 4) .
For the 52 nondiagnostic specimens (9%), intraoperative cytological investigation correctly interpreted 39 cases as nondiagnostic (specificity of 75% with a negative predictive value of 66%). There were 13 false-positive findings in which a pathological diagnosis was made intraoperatively, but the final reading was nondiagnostic (normal tissue or descriptive diagnosis only). In almost all such cases, however, the intraoperative diagnosis was worded in an indecisive manner, such as "rule out glioma" or "possible glioma." Table 2 lists the number of cases in each diagnostic category, as well as the percentage within each category, with a complete correlation between intraoperative and final diagnoses. Intraoperative cytological methods were most successful for diagnosing: abscesses, germinomas, lymphomas, metastases, and malignant glial tumors.
The accuracy of intraoperative cytological methods did not change appreciably for biopsies performed during the early years compared with the later years. During and before 1989, intraoperative and final diagnoses were completely correlated in 47% of cases, whereas after 1989 53% of cases were completely correlated. These numbers, however, must be interpreted with caution because the number of biopsies is much smaller in the earlier group (116 cases) compared with the more recent group (479 cases). This difference in the number of cases is partly due to less adequate documentation of intraoperative consultation during the earlier years. Furthermore, some of the older cytological slides required a repeated examination at the time of the study, which prevented us from making conclusions about the improvement in diagnostic skills over time.
Discussion
Our survey of neuropathologists from 14 countries confirmed the suspicion that cytological methods for the intraoperative diagnosis of stereotactically obtained brain biopsies are not as popular or widely accepted as the traditional frozen-section technique. This discrepancy may be due to either a lack of training and experience with cytological methods or to a lack of trust in their accuracy. We hope that the results of our large series will encourage more neuropathologists to consider cytological techniques. We also hope to encourage more neurosurgeons to suggest such techniques to the neuropathologists with whom they collaborate as a means of preserving the maximum amount of tissue from their stereotactic brain biopsies.
The importance of the results from our series depends, in part, on the importance of intraoperative pathological diagnosis. For open tumor resections, intraoperative diagnosis may influence the extent of resection. For stereotactic biopsies, however, the goal is to obtain diagnostic tissue in the least invasive manner possible with the fewest complications. In the vast majority of cases, the neurosur- geon's main reason for consulting the neuropathologist intraoperatively is to ensure that a diagnostic specimen was obtained. Obtaining an accurate, specific diagnosis intraoperatively may be of academic interest to the neurosurgeon or emotional interest to the patient and family, but it usually does not influence the course of treatment. In most cases, the final diagnosis is available by paraffin section the next working day. Our series verifies that intraoperative cytological examination is, indeed, an excellent method for confirming the adequacy or inadequacy of a specimen, with a 96% sensitivity rate and a 75% specificity rate. For diagnostic accuracy, comparing our results to the results of other studies is not straightforward. Accuracy can be evaluated in different ways. Most studies have only two categories of accuracy: correct or incorrect. If these terms are not further defined, it may be unclear whether an intraoperative diagnosis of "glioma" would be considered a correct or incorrect diagnosis for a final diagnosis of glioblastoma multiforme. Intraoperative diagnoses are often broad and are further narrowed by evaluating the paraffin-embedded sections.
Furthermore, diagnostic accuracy can be affected by the amount of specimen submitted to the neuropathologist. Some neurosurgeons routinely obtain a larger amount of specimen than others. A greater amount of tissue, obtained with multiple aspirations through the needle, can allow for multiple cytological preparations. Multiple aspirations, however, increase the chance of hemorrhage. At our institution, very few aspirations are performed for each biopsy, and our hemorrhage rate is lower than the rate published by many other centers. 9 For brainstem lesions or other lesions in high-risk locations, only a single-suction aspiration biopsy may be performed, usually permitting the application of only a single-touch preparation. In such cases, the biopsy tissue is often fixed in Karnovsky's solution for plastic embedding and electron microscopic evaluation.
Given these caveats, we are cautious in comparing our results with those of previously published studies. The previous literature on the accuracy of findings from cytological preparations can roughly be divided into two groups: studies of biopsies obtained via open craniotomy and studies of biopsies obtained stereotactically. The reliability of cytological methods for diagnosis of brain lesions obtained via craniotomy has been well established by several series. [10] [11] [12] [13] 17 Some of these series included patients with both open and stereotactic biopsies. [10] [11] [12] The reported accuracy of cytological diagnosis in comparison with final diagnosis ranged from 75 to 94%.
Other studies have examined the diagnostic accuracy of cytological investigation only for stereotactic brain biopsies. 5, 7, 8, [14] [15] [16] 18 For these series, the accuracy rates ranged from 69 to 87.5%. The largest series included 600 biopsies, with a correlation rate of 77% between cytological and histological diagnosis, although a positive correlation was not clearly defined. 8 One series focused only on biopsies in patients with human immunodeficiency virus, and investigators reported an accuracy rate of 84%. 5 Investigators in another series separated glial from nonglial tumors and reported that incorrect diagnoses were made on the basis of cytological studies in only 5% of cases of glioma, but in 11.8% of nonglial cases. 15 Our study, with 595 cases in which intraoperative cytological techniques were used to diagnose stereotactically obtained biopsies, is among the largest. Because intraoperative diagnoses are frequently broad, we believed it was more appropriate to have three categories of correlation between intraoperative and final diagnoses: complete, partial, and no correlation. In this way, partial credit could be given to the neuropathologist for making a tentative diagnosis such as "malignant neoplasm" or "glioma," which may be clinically useful, despite a lack of precise grading.
Overall in our series, only 11% of cytological diagnoses were incorrect when compared with the final diagnosis. This subset includes cases in which the cytological preparation was inadequate or nondiagnostic, such as when only red blood cells were present. Frequently, because of small samples, such cytological studies could not be repeated and specimens were submitted for final diagnosis without complete reassurance of a diagnostic specimen (although a dot of air in the middle of the lesion seen on postoperative CT is reassuring for the neurosurgeon).
During the 19 years in which stereotactically guided biopsies have been performed at our institution, frozen-section investigations have been clearly documented in only 35 cases. With so few cases, comparing and contrasting the accuracy of frozen-section and cytological techniques would not be meaningful. A few series in the literature, however, have addressed this issue. In one study of frozen-sections for stereotactic biopsies, 11% of neoplastic cases and 31% of nonneoplastic cases were nondiagnostic when the frozen-section technique was used. In all cases, the paraffin-embedded section was ultimately diagnostic. 1 Martinez, et al., 12 compared touch-preparation with frozen-section techniques in 100 biopsies, some of which were stereotactic biopsies. They found that the frozen-section diagnoses matched the final diagnoses in 88% of cases, with an additional 11% of cases given a nonspecific diagnosis (compared with 76% and 18%, respectively, for touch preparations). They found, however, that touch preparations were superior for soft, highly cellular, or very small specimens. In another series, 16 diagnoses based on smear preparations and frozen sections correlated with the final diagnosis 81.4% and 91.4% of the time, respectively. In this series, however, inadequate specimens were excluded. In the series of patients with human immunodeficiency virus, cytological analysis had an 84% accuracy rate, whereas frozen-section analysis had only a 75% accuracy rate.
Apart from accuracy, there are a number of practical advantages of using cytological preparations over frozen sections for the intraoperative diagnosis of stereotactic brain biopsies. Use of cytological preparations is faster, simpler, and less expensive and requires less equipment than the use of frozen sections. This last advantage is especially important with potentially infectious specimens because less equipment is contaminated. Furthermore, because the cytological technique preserves the maximum amount of tissue for examination of paraffin-embedded sections and does not subject the specimen to a freezing artifact, the chance for a definitive, accurate final diagnosis is maximized.
Conclusions
Despite previous reports that demonstrate the accuracy and benefits of cytological techniques for the intraoperative diagnosis of brain biopsies, our survey shows that use of the frozen-section method is preferred among neuropathologists. The results of our 19-year experience offer further evidence that the cytological techniques are particularly well suited for the intraoperative diagnosis of small specimens obtained stereotactically, and we encourage more widespread application of these simple, inexpensive, and accurate methods.
